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fsz<«¬UYSV\Z.gVfUXz®­¯(ZwcednkSVU<cm]ml[l[UXSbSV]mcm]if § ]ml+f°g[l±U¨`z0ZwSVSf § ZpnkSVU<cm]ml[l+UP«gZwlx²l«¬SVUX\-UXj<g[lVfsyk]
jkl[]mSVl#tYl[UX\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g[U)g[dk]3Uwg[dv]#S(nkSVU<cm]ml[l[UXSVl#­TRTSVU<cm]ml[lVfszkWgVf\]ml!ZPSV]
´¡´¬µ ZPzkyZwSVu<fhg[S[ZPSf°ph~yflVg[Sfsukj<g[]my®­¶dk]3ZwSVSf § ZpªnkSVU<cm]#lxl¶UP«³UXj<g[lVfsyk]!gZPl[²|l¶g[U+]ZPcdnkSVU<cm]ml[l[UXS
\Zm~u])ZwSVu<fhg[S[ZPS~·ZwlpsUXzkWZPlfhgfslfszkyk]mn³]mzkyv]#zXg3Uw«Hg[dk]+l£gZg[]+UP«Hg[dk]+lV~<lVg[]m\·­RTSVU<cm]ml[l[UXSVl
\Zm~«rZfhpMtw¨fhg[dZwSVuf°g[S[ZPS~/«rZ.fhpjkSV]3ZwzvySV]#nªZfsS4nvSVU<c#]ml[lx]#l5g[doZ.g!ZwSV]3Zpsl[U+fszkyk]mn]#zvyk]mzYgUP«³g[dv]
lVgZ.g[])UP«¶g[dk]±lV~<lVg[]m\F­I9dk]UXz<ph~fz«¬UYSV\Z.gVfUXz¸Z § Zfhp©ZPu<ps])g[UZnkSVU<cm]ml[l[UXSfslg[dv]d<fslVg[UXS~KUP«
fhg[lbyv]#cifslVfsUYzkl9«¬UXSSVUXj<gVfzvW¨!UYSV²g[UUPg[dk]mS`nkSVU<cm]ml[l[UXSVl#tªZPzkyFg[dk]/ZPSVSf § Z.pOgVfs\]#l3«¬UXSfhg[l3U¨`z
ZPSVSf § Z.p®nvSVU<c#]ml[lm­  ]lxdkU¨g[doZ.gg[dk]3SVUYjvzky<¦ASVUXu<fszn³UPphfci~Yt|fsz¨`dfced]ZwcednkSVU<cm]#lxl[UYSTl[]mzkykl
g[dk]FgZPl[²|lg[doZgcZPz¹u³]FSV]my<fSV]mcig[]myg[U0].ZPcd¹UP«g[dk]FnkSVU<cm]#lxl[UYSVlfsz¹g[jkSVz®t»ºi¼r½¾¿Àwºi¼ ´ ¾eÀYÁ¡ÁÃÂ
\fzf\fsÄ#]mlg[dv]+Å³ÆhÇ3gZwl[²cmUX\np]igVfsUYzgVfs\]3«¬UYS!Z.p°pCÅ¶tkZPzky\fsz<fs\/fsÄm]ml!SV]ml[n³UXzkl[]9gVfs\]mlZPzky
È jk]mjk]!ps]mzkWPg[dkl¶fszZl[]mnoZPS[Zwu<ps](fszkcmSV].ZPlVfszkW+cmUYz § ]i}/l[]mzkl[]wtXZP\UXzkW)Z.p°pknUPp°fscif]mlOg[dªZg(uoZ.p©ZPzkcm]
¨!UXSV²YpsU|Zwy®­  ]Z.pl[Ul[dvU¨Ég[doZgTfh«³g[dk]mSV]Ifl(ZlVfszkWwps]!cm]mzXg[S[ZphfÄm]mycmUYzXg[SVUPp°ps]mSt|SVUXjkzky<¦MSVUYu<fsz±fl
g[dk]±UYn<gVfs\ZpOnUPp°fsci~|tZPzkyZlVfszkWPp])cmUXzXg[SVUwphp]mS3jklVfszkWSVUXjkzky<¦MSVUYu<fszFSVUYj<gVfszkWfsl3u³]igVg[]mSg[dªZwz
g[dk]UXn<gVfs\Z.py<fslVg[Sfuvj<g[]myÊlV~<lVg[]m\·t5¨3dk]mSV]%Ë[UXn<gVfs\Z.psÌ¸ZPzky¢Ëxu³]igVg[]mSVÌZwSV]fszg[dv]l[]mzkl[]UP«
lVg[U<cedoZwl£gVfcZ.p°ph~/\fsz<f\fsÄifzkW»gZwlx²cmUY\n<ps]igVfUXzgVfs\]mlZPzky\fz<fs\fÄifszkWSV]ml[nUXzkl[]!gVfs\]mlIZPzky
È jk]mjk]+ps]mzkWwg[dvl!fsz·g[dk]»l[]mnoZwS[ZPu<ps]fzvc#SV]ZPlVfszkWc#UXz § ]}Fl[]mzklx]X­
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|cdv]#yvj<p°fszkWkÕ
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   ´ À µ
	  	9´ ¿¼
  !#"%$
è¬ë¶ìHè¬í
  $
" ' '  	' 4$¸ 12&`')T5')$!  (!"%$')

	Î|	Î¹ H])nkSVUXu<prq]#\])y{] È j<fhp°fsukSV]yv])cdoZPSVWX])UYngVf\Z.pO]#l£g·{]ig[jky<f{]nUYjvSjkzFlV~<lVgmq]m\]
S|{]mnoZPSgVf®cmUX\nUXlv{]yk]n<psjklVfs]mjkSVl!nkSVU<cm]ml[l[]mjkSVl(dkUX\UYWvq]mzk]ml(zkUYzZwu<ps]ml#­ doZ È jv]bnvSVU<c#]ml[lx]#jvS
SV]cmUwfhgfszky<f § fykjv]phps]#\]mzXgp]ml9gZwcedk]ml`yk]ml3j<gVfhp°fslZ.g[]#jvSVlb]}g<{]mSf]mjkSVlykUXzXg`cm]mSgZfszk]ml3n³]mj § ]#zXg
]ig[SV]SV]my<fSfsW¶{]#]ml § ]mSVlOps]#lTZwjg[SV]#l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Z § ]#c+jvzk]y<fl£g[SfukjgVfUXzKW5{]mz{]mS[Zps]w­k®]bnvSVU<c#]ml[lxjklyÃZwSVSf § {]#]ml9yk]mlgZwcedk]ml!]}gv{]#Sfs]mjkSV]ml/qZ±cdªZ¦
cmjkzyk]ml¶nkSVU<cm]ml[l[]mjkSVlO]mlVgTZwSVu<fhg[S[Z.fSV]!nUXjkS § j È j f°pklxUwfhgOfszky{]mn³]mzkyªZwzXg4yv](p{]igZgTykjlV~<lVgmq]m\]w­
OZ l[]mj<ps]/fsz<«¬UXSV\ZgVfsUYz ykUYzXg)jkz0nkSVU<cm]ml[l[]mjkS+y<fsl[nUYl[]]mlVg+pùd<fslVg[UPfSV]yv]lx]#l»nkSVUYnvSV]#l±y{]mcif°¦
lVfsUYzvl!yk])SVUXj<gZPWY]yk]ml!gZPcdv]#l § ]mSVl!ps]ml`ZPj<g[SV]mlnkSVU<cm]ml[l[]mjkSVl9ZfszklVf È jk]ps]#l9yoZ.g[]#l9yÃZwSVSf § {]#]ml
yk]3l[]mlTgZwcedk]ml#­PMp³]mlVgy{]m\UYzXg[S|{] È jv]XtnoZPSV\fops]#l(nUwphfhgVf È jk]mly{] È jf°phfuvSV]byv]cdªZwSVWX]wtXp¡Z+n³UPphf°¦
gVf È jv]¸ËxSVUYjkzvy<¦ASVUXu<fszkÌyoZPzklp¡Z È jv]phps]cdªZ È jk]±nkSVU<cm]#lxl[]mjkS]mz § UPf]»p]ml9gZwcedk]mlSV]#yfSfsWY]ZPu<ps]#l
§ ]mSVl±p]mlZwj<g[SV]mlnkSVU<cm]ml[l[]mjkSVl)y jkzk]\ZPz<frq]mSV]ci~vciphf È jk]wt5\fsz<f\fsl[]lVg[U<cedoZPlVgVf È jk]m\]mzXgps]#l
yoZ.g[]mlyk]oz¥yk]g[S[Z.f°g[]m\]mzXg/yk]ml)gZPcdv]#lmtO]ig\fsz<fs\/fsl[]wt5yoZPzkl)ps]l[]mzkl)cmUXz § ]}v]cmSVUwfsl[lZPzXg
l<{]mnoZPS[Zwup]wtYp]mlg[]m\nklyv]+S{]#nUXzkl[]yk]mlgZPcdk]ml]ig!ps]ml!zkUX\ukSV]ml9yk]3gZwcedk]ml]mzKZ.gVg[]mzYg[]+yªZwzkl
ps]#lnkSVU<cm]ml[l[]mjkSVlm­ªApT]mlVg)ZwjklxlVf¶nkSVUXj § {] È jk]l f°p5~ Zjkzl[]mj<p4cmUXzXg[SUwps]mjkSc#]mzXg[S[Z.p°fsl<{]wtp¡ZnUw¦
phf°gVf È jk]Ë[SVUXjkzky<¦MSVUYufzkÌ]mlVgUXn<gVfs\Z.ps]Xt¶]g È j jkzl[]mj<p9c#UXzXg[SUwps]mjkScm]#zXg[S[Z.p°fsl<{]&Zwnvn<p°f È joZPzYg
ËxSVUYjkzvy<¦ASVUXu<fszkÌ]#l£g\]fhphp]mjkS È jk]+ps]#l9n³UPphf°gVf È jk]mlyk])SVUXj<gZPWY]+yflVg[Sfsukj{]m]ml#­
 Òv.iÐ[ 	ÎÊ {] È j<fhphfukSV]+yv]bcedoZPSVWY]wtSVUYj<gZPWX]bUXn<gVfs\ZprtkZ.phpU<cZ.gVfUXzyk]3g[S[ZªcXtUXSVykUYzvzoZwzvc#]i¦
\]mzYg#tªUXSVykSV])l£g[U<cdoZPlVgVf È jv]XtªZPzoZ.p°~<l[]g[S[Z.V]#cig[UXSf]iphp]w­
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Unité de recherche INRIA Rennes, Irisa, Campus universitaire de Beaulieu, 35042 RENNES Cedex
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Éditeur
INRIA, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex (France)
ISSN 0249-6399
